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(g) Multi-well microtiter plate. 

(57) A system and method for the high volume 
processing of a plurality of minute liquid speci- 
mens uses a multi-well microtiter tray (12) 
which has a base (14) with a fiat underside and a 
plurality of wells (18) that are formed on the 
base. As intended for the present invention 
there are eight hundred and sixty four wells 
formed on the base (14). Also, included in the 
system is a structure which has a heat transfer 
plate (34) for supporting the microtiter tray (12), 
and for effecting heat transfer with the liquid 
specimens in the wells (18) of the tray (12). In 
one embodiment the plate itself functions as a 
heat source. Alternatively, the plate functions as 
a heat sink and a heating element mounted on 
the structure is employed to heat the liquid 
specimens which are held in the wells of the 
tray. For this alternative embodiment operation 
of the plate can be controlled in concert with 
the operation of the heating element By con- 
trolling the operations of the plate and the 
heating element the system of the present in- 
vention can cyclically vary the heating of the 
liquid specimens for procedures such as DNA 
amplification. The base of the tray, and the 
bottoms of the wells in the base of the tray, are 
light transparent to selectively allow simul- 
taneous photometric or fluorometric measure- 
ments of all liquid specimens being held on the 
microtiter tray. 
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FIELD OF THE INVENTION 

The present invention generally pertains to multi- 
well microtiter trays which are useful for holding a 
plurality of minute liquid samples. More particularly, 
the present invention pertains to microtiter trays 
which can hold a plurality of liquid specimens whQe 
they are being cultivated by a temperature varying 
regimen and during periodic photometric or fluoro- 
metric measurements of the specimens. The present 
invention is particularly, but not exclusively, useful for 
DNA amplification and sequencing. 

BACKGROUND OF THE INVENTION 

The laboratory processing of liquid samples has 
been accomplished in the past for many varied pur- 
poses. Examples of these purposes include cultivat- 
ing cells in the specimens, transferring and storing 
the specimens, and using the liquid specimens for 
forensic purposes or to diagnose a diseased condi- 
tion. Not unexpectedly, with advances in science the 
number and variety of such procedures is increasing 
and, in many instances, the procedures themselves 
are more complex and require increased precision. 
For one thing, this means that proper equipment must 
be used which is capable of performing the particular 
procedure with the required precision. Further, it 
means that the equipment must also be capable of ef- 
ficaciously handling the liquid sample. And, in some 
cases, the ability of the equipment to handle the liquid 
sample may be no small matter. As is well known, 
many procedures require individual processing of a 
very large number of discrete liquid samples under 
the same or very similar conditions. Moreover, where 
expense is an overriding concern, additional factors 
need to be considered. 

In instances where the cost of the sample mate- 
rial is significant, such as would clearly be the case 
for the processing of DNA specimens, there is a com- 
pelling interest to use as little of the material as is pos- 
sible. For expensive sample material this interest is 
even more acute in instances where it is necessary to 
process a very large number of discrete specimens of 
the sample material. Accordingly, there is a need for 
laboratory equipment which can efficaciously handle 
a relatively large volume of sample material as a large 
number of discrete and relatively minute specimens. 

Microtiter trays with many wells for separately re- 
ceiving liquid specimens have been used in the past 
to hold and store small specimens of sample material. 
Typically, these earlier trays have been designed for 
use with robotics which are capable of engaging the 
microtiter tray to deposit the specimens in the wells 
of the tray. In practice, the industry standard has 
been to provide microtiter trays which are separated 
by a center-to-center distance of nine millimeters. Ac- 
cordingly, the robotics which are used with currently 



available microtiter trays have been designed to com- 
ply with this standard. The restriction on spacing be- 
tween the wells, of the tray can be perceived as a dis- 
advantage if the desire is to process as many discrete 
5 samples as possible. There are, however, other po- 
tential disadvantages in presently available microtiter 
trays. 

In light of relatively recent advancements in spe- 
cific areas of science, such as the processing of DNA 

10 samples, it is often desirable to have several func- 
tions accomplished while the liquid specimen re- 
mains in the well of the microtiter tray. For example, 
in the process of DNA amplification or sequencing, it 
is necessary for the liquid specimen to be subjected 

is to a cyclical temperature regimen. Further, again for 
DNA amplification, it is desirable to periodically eval- 
uate the specimen and determine whether the proc- 
ess is being accomplished successfully. It happens 
that this evaluation can be effectively done by taking 

20 photometric or fluorometric measurements of the liq- 
uid specimens. Thus, there is a need for a multifunc- 
tional microtiter tray. Specifically, in addition to pro- 
viding increased storage capacity and enhanced ease 
in handling minute liquid specimens, it is desirable to 

25 have a microtiter tray which can be used in processes 
which vary and maintain the temperature of the spe- 
cimens according to predetermined temperature reg- 
imens, and which can be used during photometric or 
fluorometric analysis of the specimens. 

30 In light of the above it is an object of the present 
invention to provide a multi-well microtiter tray which 
is useful for simultaneously processing a high volume 
of minute liquid samples. Another object of the pres- 
ent invention is to provide a multi-well microtiter tray 

35 which is efficient in handling a very large number of 
individual minute liquid specimens. Yet another object 
of the present invention is to provide a multi-well mi- 
crotiter tray which is useful with robotics which func- 
tion in accordance with existing standards of the in- 

40 dustry. Still another object of the present invention is 
to provide a multi-well microtiter tray which minimizes 
the storage space which is required for a very large 
number of minute liquid specimens. Another object of 
the present invention is to provide a multi-well micro- 

45 titer tray which allows for substantially even heating 
of all liquid specimens being held in the tray. Yet an- 
other object of the present invention is to provide a 
multi-well microtiter tray which has sufficiently good 
optical qualities to allow for simultaneous photometric 

50 or fluorometric measurements of the liquid speci- 
mens in the tray. Yet another object of the present in- 
vention is to provide a multi-well microtiter tray which 
is simple to use, relatively easy to manufacture and 
comparatively cost effective. 

55 

SUMMARY OF THE INVENTION 

A multi-well microtiter tray for use in a system, or 
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in a method, for high volume processing of a plurality 
of minute liquid specimens includes a generally rec- 
tangular base having a substantially flat underside. 
The top of the base is formed with a very large num- 
ber of wells for holding a very large number of individ- 
ual liquid specimens. As specifically intended for the 
present invention, the top of the microtiter tray is 
formed with eight hundred and sixty four wells which 
are arranged in a rectangular array that is thirty-six 
by twenty-four. Each well in the array has an opening 
and a bottom and is substantially cylindrical shaped 
to define a curved wall which tapers inwardly from the 
opening of the well to the bottom of the well. The bot- 
tom of each well is distanced from the underside of 
the base and has an optical quality surface for trans- 
mitting light through the underside and through the 
liquid specimens held in the well. The bottom of each 
well may be either flat, or rounded, or cone-shaped. 

The system for using the multi-well microtiter tray 
includes a support structure which has a heat ex- 
changer that is engageable with the microtiter tray. In 
one embodiment of the present invention, the heat 
exchanger is a heat source which conductively trans- 
fers heat to the liquid specimens in the well through 
the base of the microtiter tray. In another embodi- 
ment of the present invention, the heat exchanger 
acts as a heat sink and the support structure further 
includes a heating element As one example, this 
heating element may be a heat radiator such as would 
be the case for a microwave oven. Preferably, how- 
ever, the heating element comprises a plurality of 
heating probes which can be inserted into selected 
wells of the microtiter tray to conduct heat through the 
tray to the other wells in the microtiter tray. For the 
embodiments where the heat exchanger is to be used 
as a heat sink, the system can also include a control- 
ler to coordinate the operation of the heating element 
with the operation of the heat exchanger to cycle the 
liquid specimens through predetermined temperature 
regimens. 

Due to the construction of the base of the micro- 
titer tray, light can be transmitted through the liquid 
specimens for photometrically or fluorometrically 
measuring the characteristics of the liquid speci- 
mens. This can be simultaneously done for all of liquid 
specimens held by the microtiter tray as they are be- 
ing processed. Processes which can be accomplish- 
ed using the system and methods for using a micro- 
titer tray as intended for the present invention include 
DNA amplification sequencing and library construc- 
tion. 

The novel features of this invention, as well as 
the invention itself, both as to its structure and its op- 
eration will be best understood from the accompany- 
ing drawings, taken in conjunction with the accompa- 
nying description, in which similar reference charac- 
ters refer to similar parts, and in which: 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded perspective view of the 
system of the present invention; 

s Figure 2A is a cross-sectional view of the prefer- 

red embodiment of the wells in the microtiter tray 
of the present invention as seen along the line 2- 
2 in Figure 1 shown schematically with a device 
for photometrically or fluorometrically measuring 

10 liquid specimens in the wells; 

Figure 2B is a cross-sectional view of another 
embodiment of the wells in the microtiter tray of 
the present invention as would be seen along the 
line 2-2 in Figure 1; 

15 Figure 2C is a cross-sectional view of yet another 
embodiment of the wells in the microtiter tray of 
the present invention as would be seen along the 
line 2-2 in Figure 1; 

Figure 2D is an enlarged cross-sectional view of 
20 the preferred embodiment of the wells in the mi- 
croliter tray of the present invention as seen 
along the line 2-2 in Figure 1 showing dimensions 
for the wells and the engagement of a well in the 
microtiter tray with a probe; 
25 Figure 3 is a perspective view of the system of the 

present invention in an operational environment 
with a robot; 

Figure 4 is a perspective view of the system of the 
present invention operativety positioned for use 
30 with a microwave oven; 

Figure 5 is a perspective view of the microtiter 
tray of the present invention engaged with a heat 
transfer tool; 

Figure 6 is a cross-sectional view of the microtiter 
35 tray as seen along the line 6-6 in Figure 5; 

Figure 7 is a perspective view of the system of the 
present invention in use with a probe heater, and 
Figure 8 is a cross-sectional view of the microtiter 
tray engaged with a probe heater as seen along 
40 the line 8-8 in Figure 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 Referring initially to Figure 1 , the system for high 
volume processing a plurality of minute liquid speci- 
mens, is shown and generally designated 10. As 
shown, the system 10 includes a microtiter tray 12 
which has a base 14. Formed into the top surface 16 

50 of the base 14 are a plurality of wells 18. Specifically, 
as intended for the present invention, base 14 of mi- 
crotiter tray 1 2 is formed with eight hundred and sixty 
four (864) wells 18 which are arranged in a rectangu- 
lar array that is thirty-six by twenty-four (36X24). The 

55 center-to-center distances 20 and 22 between the 
rows and lines of the wells 18 are set at three milli- 
meters (3mm). Additionally, it will be appreciated by 
reference to Figures 2A, 2B, 2C and 2D, in addition 
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to Figure 1, that base 14 is of a solid construction. 
Stated differently, there is no space between the 
wells 18. Instead, the material of base 14 fills what 
could otherwise be empty space between the wells 
18. This construction helps provide temperature uni- 
formity for all of the liquid specimens held in the wells 
18 because base 14 establishes a shorter thermal 
path from a well 1 8 to another well 1 8 to facilitate heat 
transfer therebetween. 

Preferably, microtiter tray 12 is made of an opti- 
cally clear rigid plastic such as polystyrene, polypro- 
pelene, or polycarbonate. Additionally, the plastic of 
tray 12 can include carbon fibers, alumina, aluminum 
oxide, or other metals which w3l enhance the thermal 
conductivity of the tray 12 but which will not interfere 
with its biological performance. As intended for the 
present invention, the tray 1 2 can be manufactured by 
any process well known in the pertinent art, such as 
by injection molding. 

Figure 1 also shows that microtiter tray 1 2 has an 
overhang 24 which forms a detent 26 between the 
overhang 24 and the base 14 of tray 12. Additionally, 
a pair of registration points 28a and 28b can be 
formed into top surface 16 of tray 1 2 in order to align 
th e tray 1 2 wit h a robot (not shown in Figure 1 ) for pur- 
poses to be discussed below. Also, the top surface 16 
of microtiter tray 12 has a flat area 30 and a flat area 
32 on which an identification strip, such as bar code 
33, can be placed. As will be appreciated by the skil- 
led artisan, some ability to identify the microtiter tray 
12 and the liquid specimens held in the wells 18 of the 
tray 12 can be essential. 

As shown in Figure 1, the system 10 of the pres- 
ent invention includes a support structure on which 
microtiter tray 12 can be placed. At the point it is to 
be noted that within the contemplation of the present 
invention, the support structure may be merely a stor- 
age shelf. For example the support structure may be 
part of a library for biological specimens", such as a 
shelf in a standard refrigerator (not shown) or an in- 
cubator (not shown). Regardless, in addition to the 
specific support structures disclosed below, it is in- 
tended that the support structure may encompass 
any platform where the microtiter tray 12, and the liq- 
uid specimens in the wells 18 of tray 12, can be stored 
for prolonged periods of time. In addition to the stor- 
age function of any particular support structure, a 
more operational function is for heat transfer with the 
liquid specimens. Specifically, when processing liq- 
uid specimens in the wells 18 of microtiter tray 12, the 
support structure is as a heat exchanger 34. 

For the purposes of the present invention, heat 
exchanger 34 can be either a heat source or a heat 
sink. Ineithercase, itmustbeoperatively engageable 
with the microtiter tray 12. For the embodiment of 
heat exchanger 34 shown in Figure 1 , heat exchanger 
34 can have a surface 36 which will directly abut 
against the flat underside 38 of base 14 of the micro- 



titer tray 12. Though not shown, it will be appreciated 
by the skilled artisan that a thermal grease, or some 
other such substance well known in the pertinent art 
can be placed on the surface 36 to facilitate heat 

5 transfer between the heat exchanger 34 and the mi- 
crotiter tray 12. An additional feature of the system 10 
of the present invention which promotes good heat 
transfer characteristics for the microtiter tray 12 is 
that both the top surface 16 and underside 38 of the 

10 tray 1 2 are flat and each have a relatively large area. 
Additionally, heat exchanger 34 can be formed with 
a ridge 40 which is matingly received into the detent 
26 of microtiter tray 12 to help hold the tray 12 in pos- 
ition on heat exchanger 34. For the embodiment of 

15 the system 1 0 wherein the heat exchanger 34 acts as 
a heat source, the exchanger 34 can include controls 
42a,b for the purpose of precisely controlling the 
amount of heat which is to be applied from the heating 
coQs 44 of heat exchanger 34 to the tray 12 during the 

20 processing of the liquid specimens in the wells 1 8. 

Actual configurations for the wells 1 8 will be best 
appreciated with reference to the Figures 2A, 2B, 2C 
and 2D. There, and with cross reference to Figure 1, 
it will be appreciated that each of the wells 18 in mi- 

25 crotiter tray 12 is essentially a hollow cylindrical re- 
cess which is formed into the top surface 16 of the 
tray 12. Specifically, each well 18 has an opening 46 
and is defined by a cylindrical sidewall 48 which ex- 
tends from the opening 46 to the bottom of the well. 

30 In Figure 2A, a well 18 is shown to have a substan- 
tially flat bottom 50, whereas in Figure 2B the well 18 
has a rounded bottom 52, and in Figure 2C the well 
1 8 is shown wit h a cone shaped bottom 54. According 
to the particular needs of the user, a particular shape 

35 for the bottom of well 18 may be preferable. For in- 
stance, the rounded bottom 52 of well 18 is better suit- 
ed for use with liquid specimens which include cells 
which might tend to cling to the angled surfaces pre- 
sented by a flat surface 50. Further, the cone-shaped 

40 surface 54 might be preferable for use with automatic 
pipetting. 

Regardless of their particular configuration, the 
bottoms 50, 52, and 54 of wells 18, as well as under- 
side 38 of base 14, must be optically clear. Stated dif- 

45 ferently, sufficient light with which to make photomet- 
ric or fluorometric measurements of the liquid speci- 
mens 56 being held in the well 18 must be able to pass 
through underside 38, through the bottom 50, 52, 54 
of well 1 8 and through the liquid specimen held in well 

50 18. For the purposes of the present invention, optical- 
ly clear means that the bottom 50, 52, or 54 has a 
smoothness such that deviations in ther surface do 
not exceed more than one quarter wavelength of the 
light which is passed through tray 12 and the liquid 

55 specimen 56 to make photometric or fluorometric 
measurements of the liquid specimen 56. As intended 
for the present invention, and due in part to the plastic 
materials used for the manufacturing of tray 12, the 
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light used for photometric or fluorometric measure- 
ments of the liquid specimen 56 will be primarily in the 
visual range. The preferred dimensions for a typical 
well 18 wOl be best appreciated with specific refer- 
ence to Figure 2D. 

As indicated above, center-to-center distance 20 
between adjacent wells 18 along either a line or a row 
of wells 18 is approximately three millimeters (3mm). 
Thus, a standard tool having a nine millimeter (9mm) 
spacing between probes can be used with the 3mm 
spacing of tray 12 if it is repeatedly used three times. 
This can be carried further. For example, in one em- 
bodiment for tray 1 2 the center-to-center distance can 
be four and a half millimeters (4.5mm). The standard 
robot would then need to be used twice. It happens 
that several configurations of the tray 12 can be used 
with standard robotics just so long as the center- to- 
center spacing is equal to nine divided by n t where n 
is an integer. Obviously, the volume capacity of the 
wells 18 will be sacrificed as more wells 18 and incor- 
porated into the tray 12. 

For a typical well 18 shown in Figure 2D, the di- 
ameter 58 of the opening 46 is approximately two mfl- 
limeters (2mm). Though depicted with some exagger- 
ation, Figure 2D shows that the sidewalls 48 of well 
1 8 are tapered inwardly from the opening 46 of well 
1 8 to its bottom 50. Specifically, the angle of taper 60 
is approximately one degree (1 °). Trie depth 62 of well 
1 8 is approximately seven millimeters (7mm) with the 
result that well 18 is dimensioned to hold a liquid spe- 
cimen 56 having a volume of approximately twenty mi- 
croliters (20 ul). In many instances, however, the ac- 
tual volume of the liquid specimen 56 which is to be 
deposited into a welt 18 may have a liquid volume that 
is more on the order of one or two microliters (1-2 ul). 

As is well known, liquid specimens which have to- 
tal volumes on the order of one or two microliters can 
be hard to handle. A specific problem confronted by 
the present invention involves the transfer of such a 
small liquid specimen 56 into a well 18 of the micro- 
liter tray 12. This problem stems from the fact that 
surface tension of the liquid specimen 56 will, at this 
level, be sufficient to prevent the specimen from 
forming into a drop which wDI fall into the well 18. Con- 
sequently, to assist the transfer of the liquid speci- 
men 56 into the well 18, the sidewalls 46 of the well 
1 8 are tapered. 

Referring specifically to the well 18' shown in 
Figure 2D, it is contemplated by the present invention 
that a liquid specimen 56 wDI be transferred from a 
source of the liquid (not shown) to the well 18* of mi- 
crotiter tray 12 by a device such as the probe 66. As 
stated above, the size of the liquid specimen 56 may 
be so small that it cannot form into a drop which will 
fall into the well 1 8*. However, since the sidewalls 48', 
of well 18' are tapered, probe 66 can be made to con- 
tact the skJewall 48* when it is inserted into the well 
18*. This contact, a mere kiss if you will, is sufficient 



to wet the sidewall 48* with the liquid specimen 56 
and cause the liquid specimen 56 to flow into the bot- 
tom 50* of the well 18*. 

Referring now to Figure 3, it will be seen that a 

5 robot 68 may be used to transfer liquid specimens 56 
form a source of the specimens (not shown) to the mi- 
crotiter tray 12. Specifically, the robot 68 is outfitted 
with an end effector 70 which has a plurality of probes 
66 (e.g eight hundred and sixty four) for this purpose. 

w Each of the probes 66 is designed, in a manner well 
known in the pertinent art, to carry a minute quantity 
of a liquid specimen 56 for deposit on the tray 12. Fur- 
ther, the robot 68 can include well known means (not 
shown) on end effector 70 which will register with the 

15 registration points 28a,b on microtiter tray to properly 
align the probes 66 on end effector 70 with the wells 
18 on microtiter tray 12. Though not shown, it will be 
appreciated that robot 68 is operable to engage end 
effector 70 with the microtiter tray 12 to deposit liquid 

20 specimens 18 in the wells 18 of tray 12. 

Once the liquid specimens 56 have been depos- 
ited into the wells 18 of microtiter tray 12, heat ex- 
changer 34 can be operated to heat the specimens 56 
as desired by the user. This, of course, is for the em- 

25 bodiment of the system 10 wherein the heat exchang- 
er 34 acts as a heat source. According to the present 
invention, various temperature regimens may be fol- 
lowed by the heat exchanger 34 when heating the 
specimens 56. DNA amplification is but one example 

30 of such a regimen. 

Returning for the moment to Figure 2A, it will be 
seen that microtiter tray 12 is intended to be used dur- 
ing photometric or fluorometric measurements of the 
liquid specimens 56 which are deposited into the 

35 wells 18 of the tray 12. In Figure 2A a light source 72 
is schematically shown in a relationship with the tray 
1 2 for making such photometric or fluorometric meas- 
urements. The light source 72 may be of any type well 
known in the pertinent art, but it is preferably of a type 

40 which will emit a light 74 in the visual range having 
identifiable wavelengths, for example Xj. According 
to standard photometric or fluorometric analysis a re- 
sultant light 76 having a different wavelength, for ex- 
ample X2, will result due to the particular characteris- 

45 tics of the liquid specimen 56. This resultant light 76 
will then be received at a light detector 78 and the wa- 
velength difference between light 74 and resultant 
light 76 can be used to measure the characteristics of 
the liquid specimen 56. As contemplated for the pres- 

50 ent invention, a photometric or fluorometric analyse 
of the liquid specimens 56 in microtiter tray 12 can be 
made at any time. 

As indicated above, the heat exchanger 34 can 
be used as a heat sink as well as a heat source. Ac- 

55 cordingly, when heat exchanger 34 is to a heat sink, 
another source of heat is needed for procedures 
wherein the liquid specimens 56 are to be cycled 
through a temperature regimen. Figure 4 indicates 
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that heat exchanger 34 can be incorporated as part 
of an oven 80 and that the microliter tray 12 can be 
positioned on the exchanger 34 in oven 80. The door 
82 of oven 80 can then be shut (not shown) to enclose 
microtiter tray 12 with its liquid specimens 56 inside 
the oven 80. Both the heating function of the oven 80, 
and the cooling function of the heat sink exchanger 
34, can then be controlled from the control panel 84 
to cycle the liquid specimens 56 in tray 12 through any 
temperature regimen desired by the user. As intended 
for the present invention, oven 80 may be of any type 
well known in the pertinent art For example, oven 80 
may be a microwave oven or it may be an air thermal 
cycler. 

For those cases in which the oven 80 is an air 
thermal cycler, the system 1 0 of the present invention 
may also include a heat transfer tool 86. As shown in 
Figures 5 and 6, the heat transfer tool 86 comprises 
a block member 88 on which are mounted a plurality 
of heat probes 90 that extend through the block mem- 
ber 88. As best seen in Figure 6, the heat probes 90 
each have and extension 92 which extends upwardly 
from the block member 88 and an engager 94 which 
extends downwardly from the block member 88. It will 
also be noted in Figure 6 that the heat probes 90 are 
mounted on the block member 88 of heat transfer tool 
86 so that when the tod 86 is engaged with a micro- 
titer tray 12 an engager 94 is inserted into only every 
other one of the wells 18. It will be appreciated by the 
skilled artisan that the probes 90 may be spaced 
more than one well 18 apart from each other. This al- 
ternating engagement between the heat probes 90 of 
heat transfer tool 86 and the wells 80 of tray 1 2 is fol- 
lowed along both the lines and rows of the array of 
wells 18 in microtiter tray 12. Figure 6 also indicates 
that a thermal grease 96 can be placed on the engag- 
ers 94 to assist in the transfer of heat from each of the 
heat probes 90 to the liquid specimens 56 in adjacent 
wells 18. 

Once alternate wells 18 in microtiter tray 12 have 
been filled with liquid specimens 56, and the heat 
transfer tool 86 is engaged with the microtiter tray 12 
substantially as shown in Figures 5 and 6, the com- 
bination of tray 12 and tool 86 can be placed on heat 
exchanger 34 in oven 80. Though the actual place- 
ment of this combination is not shown in Figure 3, it 
will be easily appreciated that a heat transfer tool 86 
could be engaged with the microtiter tray 12 shown 
in Figure 3. As stated above, the assumption here has 
been that oven 80 is a thermal air cycler. Accordingly, 
with the tool 86 and tray 12 combination in oven 80, 
hot air can be circulated across tool 66 to heat the ex- 
tensions 92 of heat probes 90 on heat transfer tool 86. 
This heat from the extensions 92 will then be conduct- 
ed through each of the probes 90 to their respective 
engager 94 where it will be further conducted through 
base 14 of tray 12 to heat the liquid specimens 56 in 
the wells 18 of microtiter tray 12. With the combina- 



tion of microtiter tray 12 and tool 86, it will be appre- 
ciated that the liquid specimens 56 can be alternately 
heated or cooled by the air which is blown across ex- 
tensions 92 by the oven 80. Accordingly, by varying 

5 the air temperature in oven 80, the tool 86 will be able 
to both heat and cool the liquid specimens 56 in tray 
12. Again, heat exchanger 34 can be operated as a 
heat sink in concert with the heating of liquid speci- 
mens 56 by the heat transfer tool 86 to cycle the spe- 

10 cimens 56 through any temperature regimen desired 
by the operator. 

Figures 7 and 8 show yet another embodiment for 
the system 10 of the present invention wherein heat 
exchanger 34 is used as a heat sink. For this embodi- 

15 ment, the heating element for transferring heat to the 
liquid specimens 56 in wells 18 of the microtiter tray 
1 2 incorporates a robot 98 which operatively maneuv- 
ers an end effector 100. As perhaps best appreciated 
with reference to Figure 8, the end effector 100 in- 

20 eludes a plurality of probes 102 which are each eng- 
ageable with one of the wells 18 of microtiter tray 12 
substantially as shown in Figure 8. Similar to the ar- 
rangement disclosed above for heat transfer tool 86, 
the probes 102 of end effector 100 are spaced to be 

25 engageable with alternate wells 18 of the tray 18. 
Also as with heat transfer tool 86, this alternating ar- 
rangement extends along both the lines and the rows 
of wells 18 in tray 12. Here again, the ability of the 
probes 1 02 to transfer heat from the probes 1 02 to the 

30 tray 12, and eventually to the liquid specimens 56 in 
the adjacent wells 18, will be enhanced by the use of 
a thermal grease 104 which can be placed on each 
of the probes 102. 

Figure 7 shows that a control box 1 06 is connect- 

35 ed with heat exchanger 34 through a line 108, and 
that the control box is connected with robot 96 
through a line 110. In any manner well known in the 
pertinent art, the control box 106 can be used to es- 
tablish the temperature of the heating probes 102. 

40 Likewise, the control box 106 can be used to control 
heat sink 34 for removing heat from t he specimens 56 
in tray 12. Consequently, as with the other embodh 
ments of the system 10 of the present invention, the 
embodiment shown in Figures 7 and 8 can be used to 

45 cycle the temperature of the liquid specimens 56 in 
the wells 18 of microtiter tray 12 according to any pre- 
determined temperature regimen desired by the op- 
erator. 

Though not specifically stated for each embodi- 
so ment of the present invention, it is to be understood 
that photometric or fluoro metric measurements can 
be made as desired. Specifically, the general proce- 
dure discussed above with reference to Figure 2A can 
be accomplished whenever required by the particular 
55 process being followed. 

While the particular system and method for using 
a multi-well microtiter tray for the high volume proc- 
essing of a very large number of minute liquid spect- 
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mens as herein shown and disclosed in detaa is fully 
capable of obtaining the objects and providing the ad- 
vantages herein before stated, it is to be understood 
that it is merely illustrative of the presently preferred 
embodiments of the invention and that no limitations 
are intended to the details of the construction or de- 
sign herein shown other than as defined in the ap- 
pended claims. 



Claims 

1. A system for high volume processing a plurality of 
minute liquid specimens characterised in that it 
comprises: 

means for separately holding said plurality 
of minute liquid specimens, said holding means 
including a plurality of separate tight transparent 
pathways, each said pathway being in light com- 
munication with one said specimen to permit si- 
multaneous photometric or fluoro metric analysis 
of said plurality of liquid specimens; and 

means engageable with said holding 
means for maintaining said plurality of liquid spe- 
cimens in a temperature controlled environment 
to cultivate said specimens. 

2. A system according to Claim 1 wherein said hold- 
ing means is a microtiter tray having a base with 
a substantially flat underside, and having a plur- 
ality of wells formed on said base for individually 
receiving one said liquid specimen therein, each 
said well being oriented substantially perpendic- 
ular to said underside and having a bottom dis- 
tanced from said underside, said tray further hav- 
ing a detent formed on said base around said un- 
derside. 



microtiter tray. 

6. A system according to Claim 4 or 5 wherein said 
heating element is a source of microwave radia- 

5 tion. 

7. A system according to Claim 4 wherein said heat- 
ing element comprises a plurality of heating 
probes insertable into selected said well to heat 

10 said liquid specimens in other said wells. 

8. A system according to Claim 7 wherein said sup- 
port structure further comprises means for coor- 
dinating the conduction of heat energy from said 

15 heating probes to said liquid specimens with the 
activation of said heat sink to remove heat from 
said liquid specimens for cyclically changing the 
temperature of said liquid specimen in each said 
well of said microtiter tray in accordance with a 

20 predetermined regimen. 

9. A multi-well microtiter tray for use in a system ac- 
cording to any one of Claims 1 to 8 characterised 
in that it comprises: 

25 a base having a substantially flat under- 

side; 

a plurality of wells formed on said base for 
individually receiving one said liquid specimen 
therein, each said well being oriented substan- 
30 tially perpendicular to said underside, and each 
said well having a bottom distanced from said un- 
derside to establish a portion of said base be- 
tween said underside and said bottom of each 
said well; and 

35 a detent formed on said base around said 

underside engageable with means on a support 
structure of said system. 



3. A system according to Claim 1 or 2 wherein said 
engageable means is a support structure includ- 40 
ing a heat exchanger engageable with said de- 
tent for firmly holding said microtiter tray. 

4. A system according to any one of Claims 1 to 3 
wherein said temperature controlled plate is a 45 
heat sink, said support structure includes a heat- 
ing element, and said system further comprises 
means for coordinating the operation of said 
heating element for heating said liquid speci- 
mens, with the operation of said heat sink to re- so 
move heat from said liquid specimens, for cycli- 
cally changing the temperature of said liquid spe- 
cimen in each said well of said microtiter tray in 
accordance with a predetermined regimen. 

55 

5. A system according to Claim 3 wherein said heat 
exchanger is a heat source for conduct ively heat- 
ing said liquid specimens held in said wells of said 



10. A microtiter tray according to Claim 9 wherein 
each said well has an opening into said well and 
said well is substantially cylindrical in shape to 
define a wall, said wall of said well being tapered 
inwardly from said opening to said bottom of said 
well to facilitate receiving said liquid specimen in 
said well. 

11. AmicrotitertrayaccordingtoClaim9or10where- 
in said bottom of each said well has a surface with 
sufficient optical quality to permit photometric or 
fluorometric measurement of characteristics of 
said liquid specimen in said well using light pass- 
ing through said portion of said base. 

12. A microtiter tray according to any one of Claims 
9 to 11 wherein each said well is substantially cyl- 
indrical in shape and wherein said bottom of each 
said well is substantially flat 
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13. A microliter tray according to any one of Claims 
9 to 11 wherein said bottom of each said well is 
rounded to establish a substantially hemispheri- 
cal shape for said surface. 

14 A microtiter tray according to any one of Claims 
9 to 11 wherein said bottom of each said well is 
cone shaped. 

15. A microtiter tray according to any one of Claims 
9 to 14 wherein said base is made of a rigid clear 
plastic. 

16. A microtiter tray according to any one of Claims 
9 to 15 wherein each said well has a displaced 
volume of twenty microliters (20 ul). 

17. A microtiter tray according to any one of Claims 
9 to 16 wherein said plurality of wells comprises 
eight hundred and sixty four (864) wells. 

18. A microtiter tray according to Claim 17 wherein 
said wells are arranged in a thirty-six by twenty- 
four array (36x24). 

19. A microtiter tray according to any one of Claims 
9 to 18 further comprising at least two indenta- 
tions on said base for relative registration of said 
microtiter tray. 

20. A microtiter tray according to any one of Claims 
9 to 19 wherein said base further comprises 
means for identifying said liquid specimens in 
said microtiter tray. 

21. A system according to any one of Claims 1 to 8 
including a microtiter tray according to any one of 
Claims 9 to 20. 

22. A method for high volume processing a plurality 
of minute liquid specimens which is characterised 
in that it comprises the steps of. 

Placing a plurality of discrete minute liquid 
specimens in a microtiter tray having a base with 
a substantially flat underside, said tray also hav- 
ing a plurality of wells formed on said base for in- 
dividually receiving one said liquid specimen 
therein, each said well being oriented substan- 
tially perpendicular to said underside and having 
a bottom distanced from said underside; 

Mounting said microtiter tray on a support 
structure having a heat exchanger engageable 
with said microtiter tray, said heat exchanger be- 
ing operable to change the temperature of said 
liquid specimen in each said well of said microtiter 
tray in accordance with a predetermined regi- 
men; 

Establishing the temperature of said tem- 



perature controlled plate to cultivate said liquid 
specimens; and 

Photometrically or fluoro metrically meas- 
uring the characteristics of all said liquid speci- 
5 mens in said microtiter tray. 

23. A method according to Claim 22 wherein said 
heat exchanger is a heat sink and said support 
structure further comprises a heating element 

10 and said method further comprises the steps of. 

Transferring energy from said heating ele- 
ment to heat said liquid specimens in said wells 
of said microtiter tray; 

Activating said plate to remove heat from 
15 said liquid specimens; and 

Coordinating the radiation of energy from 
said heating element for heating said liquid spe- 
cimens with the activation of said heat sink to re- 
move heat from said liquid specimens for cyclical- 
20 ly changing the temperature of said liquid speci- 
men in each said well of said microtiter tray in ac- 
cordance with a predetermined regimen. 

24. A method according to Claim 23 wherein said 
25 transferring step is accomplished by heat radia- 
tion. 

25. A method according to Claim 23 wherein said 
transferring step is accomplished by heat con- 

30 duct ion. 

26. A method according to any one of Claims 22 to 25 
wherein said photometric or fluorometric meas- 
urements are accomplished by passing light 

35 through said underside of said base and simulta- 
neously through said bottom of each said well. 

27. Amethod according to Claim 23 wherein said pre- 
determined regimen is DNA amplification, se- 

40 quencing or library construction. 
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